The analgesic action of nitrous oxide is dependent on the release of norepinephrine in the dorsal horn of the spinal cord.
The authors and others have demonstrated that supraspinal opiate receptors and spinal alpha2 adrenoceptors are involved in the analgesic mechanism for nitrous oxide (N2O). The authors hypothesize that activation of opiate receptors in the periaqueductal gray results in the activation of a descending noradrenergic pathway that releases norepinephrine onto alpha2 adrenoceptors in the dorsal horn of the spinal cord. The spinal cord was transected at the level of T3-T4 in rats and the analgesic response to 70% N2O in oxygen was determined by the tail flick latency test. In a separate experiment in rats a dialysis fiber was positioned transversely in the dorsal horn of the spinal cord at the T12 level. The following day, the dialysis fiber was infused with artificial cerebrospinal fluid at a rate of 1.3 microl/min, and the effluent was sampled at 30-min intervals. After a 60-min equilibration period, the animals were exposed to 70% N2O in oxygen. The dialysis experiment was repeated in animals that were pretreated with naltrexone (10 mg/kg, intraperitoneally) before N2O. In a third series, spinal norepinephrine was depleted with n-(2-chloroethyl)-n-ethyl-2-bromobenzylamine (DSP-4), and the analgesic response to 70% N2O in oxygen was determined. The analgesic effect of N2O was prevented by spinal cord transection. After exposure to N2O, there was a fourfold increase in norepinephrine released in the first 30-min period, and norepinephrine was still significantly elevated after 1 h of exposure. The increased norepinephrine release was prevented by previous administration of naltrexone. Depletion of norepinephrine in the spinal cord blocked the analgesic response to N2O. A descending noradrenergic pathway in the spinal cord links N2O-induced activation of opiate receptors in the periaqueductal gray, with activation of alpha2 adrenoceptors in the spinal cord. N2O-induced release of norepinephrine in the dorsal horn of the spinal cord is blocked by naltrexone, as is the analgesic response. Spinal norepinephrine is necessary for the analgesic response to the N2O.